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Delineation of Site, Relative Size and Dynamic Geometry of Atria1 
Septal Defects by Real-Time Three-Dimensional Echocardiography 
Objectives. This study attempted to determine the site, relative 
size and dynamic geometry of atria1 septal defects using dynamic 
three-dimensional echocardiography. 
Backgrorcnd. Recent studies have demonstrated the feasibility 
of dynamic three-dimensional echocardiography. Images are as- 
quired from computerized reconstruction of sequential, tomo- 
graphic ultrasound “slices” of the heart. Ultrasound images can 
be obtained by linear progression of a transducer within a 
transesophageal imaging probe. In small infants and children the 
large transducer size has not allowed transesophageal placement, 
and the probe has been placed on the thorax or in the subcostal 
position. Other scanning devices, housed in plastic containers, 
acquire images in a rotational format and can also be placed in a 
transthoracic or subcostal position. 
Methods. Specially designed transesophageal probes and a 
dedicated computer unit were used for two-dimensional image 
Recent studies have demonstrated the feasibility of three- 
dimensional cchoc~~r ,.diography of the human heart (l-5). With 
the addition of the time domain, these three-dimensional 
images can be displayed in real tipe. These images are 
acquired from dedicated computerized reconstruction of mul- 
tiple, sequential, tomographic ultrasound “slices” of the heart 
and great vessels. The ultrasound images can be obtained by 
linear progression of a phased-array transducer within a trans- 
esophageal imaging probe. In small infants and children the 
largs transducer size has not allowed transesophageal place- 
ment, and the probe has been placed on the thorax or in the 
subcostal position (6-12). Images can also be acquired in a 
circular format using surface rotational scanners. Dynamic 
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retrieval and reconstruction of three-dimensional images. Sixteen 
patients with atrial septal defects were studied (median age 18 
months, range 1 day to 18 years). In one patient, images were 
obtained by transesophageal probe placement; in the other 15 
patients, the probe was placed in tbe transthoracie or subcostal 
position. 
Results. A dynamic three-dimensional echocardiogram of the 
atrial septal defect could be obtained in 13 of the 16 patients. The 
distinguishing features of the atrial septal defects and their 
spatial orientation could be visualized b unique three-dimensional 
VieWS. 
Conclusions. Dynamic three-dimensional imaging could be 
applied to the specific evaluation of atrial septal defects. Unique 
views of the heart allowed for spatial comprehenkz ui the 
defects, rendering potentially importalr! Snical information. 
(J Am CoU Cardiol1995;25:482-90) 
three-dimensional images of the cardiac chambers, valves, 
septae and isolated defects have been obtained in patients of 
all ages (1-12). On the basis of these preliminary studies, the 
subsequent goal was to apply this technology to the diagnosis 
and evaluation of the site, relative size and dynamic geometry 
of atrial septal defects. The objective was to acquire unique 
three-dimensional echocardiographic views not available by 
standard two-dimensional echocardiography. 
Methods 
Instrument and data acquisition. Specially designed trans- 
esophageal echocardiographic probes and a dedicated com- 
puter unit were used for two-dimensional image retrieval and 
subsequent reconstruction of three-dimensional images 
(TomTcc). Fifteen of the 16 studies were performed with a 
parallel imaging scanner using a probe with a 16-mm diameter, 
M-element, ~-MHZ phased-array transducer. The transducer is 
mounted on a movable carriage siluated within a housing 
formed by a series of interconnected semicircular plastic units. 
Water is introduced between the probe and a latex sheath 
covering the probe, maximizing the acoustic properties for 
ultrasound transmission. This water sheath provides a medium 
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Figure 1. A, Diagrammatic reF ,esentation of the lin- 
ear transesophageal probe used to acquire parallel 
tomographic images of the heart in 0.5- to l.U-mm 
increments. At each level a complete cardiac cycle is 
recorded, and the transducer progresses to the next 
level when predetermined respiratory and heart rate 
iimits are met. B, Digital information was stored as 
cubic elements. The two-dimensional images could be 
rotated in any X, Y or Z plane, and when the desired 
orientation was obtained, a three-dimensional recon- 
struction was performed. 
for enhanced transmission of the I.‘+^-“**-~ -‘---’ .r‘UwU,l” Jl~;llcl‘) eiisiircs 
optimal contact with the esophagus, abdomen or chest wall and 
functions as a stand-off to improve imaging of near-field 
structures. For pediatric use, the probe was placed in the fully 
exiended manner on the thorax or in the subcostal position. In 
one infant a rotational scanning device, housed within a plastic 
container, was placed in the subcostal position. Electrodes 
were placed on the chest wall to gate the image acquisition to 
*I-.. ,-A:,., ,,-A - -  ‘11~ L(IILII(IL PI&U rrsplrarory cycres. FUA tL &ii&& C)&, a 
mean RR interval was predetermined, and the acceptable 
range for the gating interval was the mean value +- 40 ms. The 
respiratory cycle was determined by chest wall impedance and 
was gated to an average of the respiratory phase. These signals 
were directly input to the computer responsible for driving the 
motor of the transducer pulley system (Fig. 1A). To mini&e 
the acquisition time for parallel scanning, the transducer was 
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positioned to image the inferior margin of the heart, and the 
maximal linear extent was preset to advance the transducer to 
image the superior aspect of the heart. At each plane two- 
dimensional images were recorded through one complete 
cardiac cycle, at 25 to 30 frames/s and were stored when the 
electrocardiographic and respiratory gating met the predesig- 
nated limits. For parallel scanning, the cable motor was 
activated to move the transducer in OS- to LO-mm increments 
to obtain sequential tomographic parallel images. The se- 
quence was repeated for 80 to 120 slices. Using the rotional 
scanner, images were acquired every 2” around a 180 arc. 
When the predetermined iimits for cardiac and respiratory 
gating were met, the image was accepted for storage, and the 
motor advanced the transducer to the next imaging plane. The 
frames were then accepted for storage. The time required for 
image acqttisition was 3 to 4 min. Two to three image 
acquisitions were obtained for each patient. 
Image analysis and display. Data were stored with regis- 
tration of digital-information in cubic format or individual 
volume elements called voxels (Fig. 1B). The data were stored 
on a 486 33-MHz personal computer with 64,megabyte (MB) 
random-access memory (RAM) and a hard-drive capacity of 
420 MB. Permanent data archiving was made on a removable 
60tJMB laser cartridge capable of accommodating -20 sepa- 
rate patient studies. 
After completion of data acquisition, the two-dimensional 
images were rotated around specified cut planes in the X, Y or 
Z axis to recreate the three-dimensional images. According to 
predefined algorithms, three-dimensional effects were 
achieved by a combination of distance, gradient and texture 
shading (13). In distance shading the voxel gray scale is 
inversely proportional to the distance between the object and 
the cut plane. The farther the image is from the cut plane, the 
lower the gray scale value. Gradient shading assigns gray values 
by comparison of surrounding surfaces and their angle to each 
other. Texture shading assigns gray scale according to intensitv 
of the reflected signal. The computer reconstruction tk was 
60 to 90 min. 
Three spectfic cut planes were used as’reference for three- 
dimensional reconstruction LIP the atrial septal defects. The 
first cut plane was !sken~&r a horizontal, longitudinal direction ‘-- 
through the ventricles, atrroven:ricuiar (AV) valves and atria. 
The three-dimensional reconstruction was done directed ei- 
ther from anterior to posterior or posterior to anterior (Fig. 
2A). The second cut plane was in a vertical, lon&tdinal plane 
through the anterior right ventricular free wall, tricuspid valve 
orifice and right atria1 free wall. Three-dimensional reconstruc- 
tion was directed anterior to posterior, thus providing an en 
face view of the atria1 septal defect as if viewed from the right 
atriai free wall (Fig. 2B). A third cut plane was taken in a 
vertical, longitudinal plane through the left ventricle and left 
atrium. Three-dimensional reconstruction was directed anteri- 
orly to provide an en face view of the atria1 septal defect from 
the left atrial side (Fig. 2C). 
Study patients. Sixteen patients with a median age 18 
months (range 1 day to 18 years) were studied. In one patient 
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Figure 2. Placement of cut planes (arc) through two-dimensional 
images to obtain the subsequent three-dimensional reconstructions. A, 
The cut plane was taken in a horizontal, longitudinal direction through 
the ventricles, atrioventricular valves and atria. The three-dimensional 
reconstructions can be directed from anterior to posterior (A) or 
posterior to anterior. B, The second cut plane was in a vertical, 
longitudinal plane through the anterior right ventricular free wait, 
tricuspid valve orifice and right atrial free wall. Three-dimensional 
reconstruction was directed anterior to posterior, thus providing an en 
face view of the atrial septal defect as if viewed from the right atrial 
free wall. C, A third cut plane was taken in a vertical, longitudinal 
plane through the left ventricle and left atrium. Three-dimensional 
reconstruction was directed anteriorly to provide an en face view of the 
atrial septal defect from the left atrial side. 
echocardiographic images were obtained by transesophageal 
probe placement at operation. In all others the probe was 
placed in the transthoracic or subcostal position. These studies 
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were performed in conjnnction with the patient’s standard 
two-dimensional Doppler echocardiographic examination. 
When clinically indicated, infants and young children received 
chloral hydrate sedation for their clinically indicated echocar- 
diographic examination. Patient diagnoses included one new- 
born with transposition of the great arteries, intact ventricular 
septum, who had an enlarged patenr foramen ovaie after 
balloon atria1 septostomy; four with complete and three tran- 
sitional AV canal defects; one with a primum atria1 septai 
defect and cleft mitral valve; one with a sinus venosus defect at 
the entrance of the superior vena cava, and six with secundum 
atriai septal defects. 
Results 
Three-dimensional reconstructions. General findings. A 
dynamic three-dimensional echocardiogram of the atria1 septai 
defect could be obtained in 13 of the 16 patients. Excessive 
patient or transducer motion, or both, prevented adequate 
three-dimensional reconstruction in two infants. The irans- 
esophageal probe could not be adequately placed on the thorax 
or in the subcostal position in r)x small infant. In the 
remaining 13 studies the distinguishing features of the different 
atria1 septai defer:; could be visualized in unique three- 
dimensional vrews. Additionally, AV vaivz orifices and their 
three-dimensional spatial orientation to the atria1 septum were 
demonstrated. Pulmonary veins entering the back wall of the 
left atrium could be seen in patients with normal connections. 
However, anomalous pulmonary venous connections to the 
superior vena cava were not recognized in two patients; one 
patient had a secundum and the other d venosus atridi septai 
defect. 
Specific amnples. These three-dimensional reconstructions 
allowed us to examine the various atriai septai defects from 
unique vantage points. Figure 3 is from a g-month old infant 
with a large secundum atria1 septai defect. Orthogonal subcos- 
tal long- and short-axis images demonstrate the corresponding 
length (Fig. 3A) and height of the defect (Fig. 3B). Three- 
dimensional reconstruction was oriented to provide an en face 
right atria1 view of the atria1 septai defect (Fig. 3C), similar to 
the diagram in Figure 2B. Both the length and width of the 
superior and inferior limbic bmd tissue encircling the defect 
can be viewed simultaneously. 
The three-dimensional reconstruction in Figure 4 is ori- 
ented to provide a view of a secundum atriai septal defect from 
the right anterior aspect of the heart, looking through the 
defect into the left atrium. This tangential orientation enables 
a view of the orifices of the pulmonary veins entering the back 
wall of the left atrium. The anterior mitral valve leaflet can be 
seen in direct fibrous continuity with the posterior aortic root. 
The atriai septum and its spatial relation to the AV valves 
can be demonstrated by more superiorly oriented images. 
Figure 5 is from a newborn with transposition of the great 
arteries and intact ventricular septum immediately after a 
balloon atria1 septostomy. This three-dimensional construct is 
reconstructed from the superior left atrium, looking inferiorly 
through the enlarged patent foramen ovaie toward the right 
atrium. Again, the superior lirnbic band above and inferior 
iimbic band below encompass the defect. With this tangential 
view the anterior aspect of the atria1 septai defect cannot be 
seen. However, this o~icntation provides a view that discerns 
the thickness of the muscular superior iimbic band. The spatial 
orientation to the AV valves is seen, with the more superior 
orifice of the mitral valve to the left and inferiorly placed 
tricuspid valve orifice to the right. 
Figure 5B was reconstructed from a slice taken in a 
projection perpendicular to the floor of the atria. The subse- 
quent “unroofed atria1 view” is analogous to being situated 
within the atria looking inferiorly toward the mitral and 
tricuspid valves. The triieaflet puimonic valve, superiorly, is 
seen in fibrous continuity with the mitral valve. 
Three-dimensional reconstructions provided unique simul- 
taneous views of both ihe length and depth of primum atriai 
septai defccrs. The three-dimensional reconstruction in Figure 
6 was obtained from a horizontal, longitudinal cut through the 
atria and ventricles, similar to the diagram in Figure 2A. 
Three-dimensional reconstruction was from a posterior to 
anterior orientation. The deficiency of septum secundum is 
shown as the atrial septai defect extends from the superior 
iimbic band above to the superior ridge of the interventricular 
septum below. The attachment of the septal leaflet of the 
tricuspid valve to the ventricular septum is seen. In this young 
patient, the markedly enlarged right ventricle is secondary to 
the large atria1 defect and to the unusual early development of 
pulmonary vascular obstructive disease. 
Three-dimensional echocardiography also provided impor- 
tant views of the spatial alignment of the endocardiai defect in 
a complete AV canal. The three-dimensional rewnstructions 
in Figure 7 were obtained from horizontal, longitudinal cuts 
through the atria and ventricles, similar to the diagram in 
Figure 2A. Computer reconstruction was directed from an 
anterior to a posterior orientation. In Figure 7A, a three- 
dimensional perspective of the large endocardiai AV septai 
defect is seen. This left ventricular image also shows the 
smooth-wailed left ventricular septai surface. Figure 7B is an 
image orientation taken from the inferior aspect of the right 
ventricle. The heavier coarse trabecuiations of the right ven- 
tricular septai surface can be viewed. Such imaging also 
provides a three-dimensional perspective of the anterior- 
lateral papillary muscle and its insertion to the chordae 
tendinae. 
Discussion 
Unique image orientation. This study demonstrates that 
the site, relative size and dynamic geometry of atrial septai 
defects can be differentiated by dynamic three-dimensional 
imaging. Beiohiavek et al. (4) previously reported three- 
dimensional imaging of the atria1 septum in adult patients 
using tramesophageal probe placement. In our study image 
acquisition was accomplished by transthoracic or ;;ubcostai 
imaging in small pediatric patients. We found that three- 
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Figure 3. Study from a g-month old infant with a 
large secundum atria1 septal defect. Comparison 
orthogonal subcostal long- and short-axis two- 
dimensional images demonstrate the corresponding 
length (A) and height (B) of the secundum atria1 
septal defect. The three-dimensional image was ori- 
ented to provide an en face right atrial view of the 
atrial septal defect (C). Both the length and width of 
the superior and inferior limbic band tissue encir- 
cling the defect (amrws) can be appreciated by this 
vie<. CS = coronary sinus; IVC = inferior vena cava; 
LA = left atrium; RA = right atrium; R&I = right 
atria1 appendage; RV = right ventricle; RVOT = .I_ .I * .m ,+rr.~+ ngnr ventrtcutar outnovv LI(ICL. 
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Figure 4. View from the right anterior side of the heart, looking 
through a secundum atria1 septal defect into the left atrium. The 
dilated right ventricle is apparent, as well as the orifices of the 
pulmonary veins entering the back wall of the left atrium (arrows). 
The anterior mitral valve leaflet is in direct fibrou: continuity with the 
posterior aortic root. Abbreviations as in Figure 3. 
dimensional reconstruction of the atria1 septum was best done 
from subcostal two-dimensional imaging in our young pediatric 
patients. 
Unique three-dimensional views revealed the spatial orien- 
tation of these defects. Unconventional imaging slices allowed 
reconstruction of viewing planes not seen with two-dimensional 
echocardiography. For example, the superior and inferior 
limbic band tissue surrcunding secundum atria1 septai defects 
could be visualized simultaneously in three dimensions. These 
unique views could be obtained from either the right or left 
atrium. With tangential slices, the muscular extent of the 
superior limbic band could be appreciated by this technique 
This ability to perceive simultaneously both the thickness and 
the circumference of septum secundum can be difficult to 
appreciate with standard two-dimensional imaging despite 
requisite imaging of such defects in complementary orthogonal 
planes. The ability to visualize secundum defects in three 
dimensions could have important clinical application in design- 
ing devices to close such defects by catheter technique. Deter- 
mination of the presence of sufficient tissue above and below 
the defect is necessary for safely anchoring these devices 
(14-16). Three-dimensional imaging, such as in Fig. 3C, might 
provide enhanced anatomic perspective for device closure. 
The spatial orientation of sinus venosus atria1 septal defects 
was also seen. However, tl?J anomalous pulmonary venous 
connection could not be visualized in one of the patients with 
a sinus venosus defect. Although two-dimensional imaging can 
very adequately dispose such defects, a three-dimensional 
spatial orientation could potentially provide additional infor- 
Figure 5. Three-dimensional reconstruction of an enlarged patent 
foramen ovate immediately after a balloon atrial septostemj in a 
newborn with transposition of the great arteries and Intact ventricular 
septum. A, Three-dimensional image from the superior left atrium, 
looking inferiorly through the enlarged patent foramen ovale toward 
the right aGum. Arrows depict the superior liabic band abo.c and 
inferior limbic band below the atrial septal commhniration. 3, Tiree- 
dimensional imdg: was reconstructed from a slice takel in a projection 
perpendicular to the floor of both atria. The subsequent view is 
analogous to being situated within the atria, looking inferiorly toward 
the mitral and tricuspid valves. The closed trileaflet pulmonic vahe, 
superiorly. is in direct fibrous continuity with the mitral valve. A = 
anterior: L = left; MVO (TVO) = mitral (tricuspid) valve orifice; P = 
posterior; PV = pulmonic valve; R = right; other abbreviations as in 
Figure 3. 
mation to the surgeon for baffling the anomalous pulmonary 
veins to the left atrium. 
Atrial and ventricular endocardial cushion defects were also 
distinctly imaged by dynamic three-dimensional echocardiog- 
488 MARX ET AL. 
ECHOCARDIOGRAPHY OF ATRIAL SEFTAL DEFECTS 
JACK Vol. 25, No. 2 
F&-my lYY5:4S2-00 
Figure 6. Three-dimensional reconstruction, from a 6-year cr:d child 
with ? primum atria1 septai defect obtained from a horizontal, longi- 
tudin4 cut through the atria and ventricles. The three-dimensional 
reconstruction was directed from a posterior to anterior orientation. 
The deficiency of scp,um secundum is shcwn as the atria1 septal defect 
extends from the superior limbic band above to the superior ridge of 
the interventricular septum below (black arrows). The attachment of 
the septal leai;et of the tricuspii valve io the ventricular reptum is 
seen. Abbreviations as in Figure 3. 
raphy. ‘These three-dimensional reconstructions provided in- 
portnnt spatiai orientation about the aligriment of the e;?do- 
cardial cushion region to the ventricles. The ability I;, 
determrne the alignment of the endocardiai cushion region and 
the car.-ciponding size and orientation of the atrioventricular 
valve! would have important clinical application to the assess- 
ment of the unbalanced a IioventricuIar can4 defect. This 
would be essential for consid*xring atrial or ventricular septal 
defect closure, as opposed to Fontan operation?. 
In addition, this dynamic three-dimensional reconstruction 
provided enhanced anatomic detaii of the heart. The heavy 
coarse right ventricular rrabeculationj G&I be ::een, and easiiy 
differentiated from the mul:iple, fine left ventricular trabecu- 
lations and smooth left ventricular septal surface. This distinc- 
tion could be applied to the differentiation of vc;,tricular 
morphology in complex congenital heart defects. As the stud: 
progressed, the detailed ana!omy of the tensor apparatus of 
the AV valves could be realized. Again, this could have 
significant clinical application in the evaluation OF pcdiatrir 
patients with endocardial cushion dcfccts ani; ;rapiliary mu+:. 
deformities. Also, the fibrous continuity of the aortic to mitral 
valve in normally related gre;! arteries, and the pulmonic to 
mitral valve in d-transpositlon of the great arteries, could be 
seen in various three-dimensional views. Such thre :-dimensional 
imaging could provide enhanced perspective of associated 
conoventricular malformations, 
Problems. Several problems were encountered with 1hi5 
study. Most impcrrtant, the patient’s diagnosis and two- 
Figure 4. Infant with a complete atrioventricular (AV) canal defect. 
Three-dimensional reconstructions were obtained from a horizontal, 
longitudinal cut through the atria and ventricles. similar to Figure 2A. 
A, Three-dimensional image of the large endocardial cushion !.V 
septal defeci is seen, *which shows the spatial orientation of the 
alignment of the drftxt equally over both vcntriclcs. This Iclt vcntric- 
rdx orientation also shows the smooth-walled left ventricular septal 
surface. R, lmagc oricntatlon taken from the inferior aspect of the 
right ientricic. Thr heavier. coarse trabecuiations of the right vcntric- 
ular septal surface can be seen, in marked contrast to the smooth- 
walled left ventricular septal surface. The important spatial orientation 
‘11 the anterior lateral papillary muscle (black arrow) and the three- 
di,nensional anatomic features of the chordae ter:dinac and their inscr- 
til>n to the papillary muscles arc SCEII. Ahhrc:viations as in Figure 3. 
dimensional visualization of the heart were already k;lown 
beforL the three-dimensional study was done. Hence. the 
examim:I ~+a\, biased as to the type of atria1 septal defect. To 
bLsl understand the potential contributions of dynamic three- 
dimensional echocardiography, the next phase would require 
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that three-dimensioni studies be done in a blinded manner. 
However, in the clinical scenario, presently WC would not 
perform three-dimensional echocardiography alone but rather 
would include the information gleaned from conventional 
two-dimensional Doppler echocardiography. 
Difficulties wilh acquisition. Dynamic three-dimensional 
images could not be obtained in 3 of the 16 studies. In two 
studies, excessive patient or transducer motion, or both, pre- 
cluded the ability to perform three-dimensional reconstruc- 
tions. The two-dimensional images appeared adequate, but the 
computer reconstruction was of poor quality because the 
multiple tomographic slices could not be aligned and appro- 
priately integrated. The hand-held transducer is vulnerable to 
movement during the acquisition phase. Moreover, the patient 
must be still. Adequate sedation is necessary for dlx;!lostic 
two-dimensional and Doppler echocardiographic studies in 
uncooperative, young pediatric patients. However, threc- 
dimensional echocardiography mandates even greater control 
oi patient motion. All three-dimensional studies were per- 
formed after a complete two-dimensional Doppler cchocardio- 
graphic examination. Although certain patients had been 
presedated with chloral hydrate, these studies were performed 
at the nadir of the drug effect in the unsuccessful studies. 
Adequate three-dimensional reconstruction could not be pcr- 
formed in one infant because of inability to position the 
t; dnsesophageal echocardiographic probe optimally on the thorax 
or in the subco?d position. Although we used the rotational 
scanner in one patieui in this study, further exper;cnce in our 
laboratory has shown that such a probe can be placed with 
greater facility in the subcostal position, even in the smatfest 
babies. In addition, other approaches to data collection, such 
as fan-like scanning, are potentially applicable in this age 
group (17). 
Loss of image resolution. Despite good appreciation of 
anatomic detail by three-dimensional images, certain defects 
were not seen. The entrance of the pulmonary veins in 
anomalous connections was uot recognized. Although tht: 
relative size and spatial orierjtation of the atrioventricuiar 
valves could be seen, the leaflet morphology was not as well 
demonstrated as with two-dimensional imaging. Moreover, the 
cardiac structures often appeared thicker than would be cx- 
petted. Improved computer algorithms for thresholding and 
segmentation may help to remedy this porential difficulty. 
At the time of thL study, we did not have the capability ef 
making length, area or *volume measurements. A major con- 
tribution ci‘!his rcbhnology will be the determination of lengths 
and arear i’mnS the unique imaging planes. Three-dimensional 
volume me.+tirrments will represent an impro:-ement over 
those based OK mathematical assumptions from two-dimensioral 
imaging. Accurate volume measurements will add credence to 
this imaging technology. 
Time-consuming process. The computer reconstruction 
time averaged from 60 to 90 min. Additionally, the operator 
time to discern “horv to slice” and rotate the heart in various 
planes to obtain optimal three-dimensional images was time 
consuming and could last up to several hours. To date this has 
heen accomp!ished on a relative “trial and error basis.” 
However, increasing cxpt’rience with the technology and the 
progrcssivc familiarity with three-dimcnsionnl imaging have 
reduced the time expended on this phase of the reconstruction. 
However, ongoing research is necessary before three- 
dimensional reconstruction becomes “on line” for clinical 
decision making in the near future. 
Concfwsions. Previous studies have demonstrated the fea- 
sibility of dynamic three-dimensionai echocardiography of the 
human heart. This study shows that dynamic three-dimensional 
imaging can be applied to the specific evaluation of atria1 
septal defects. Unique views of the heart allow for spatial 
comprehension of the defects, rendering potentially important 
clinical information. Ongoing research is now aimed toward 
improved image resolutio:. and applying this new technology 
to more immediate “on-line analysis.” 
We thank Barbara Romcro, Francis Andruzkicwicz, RDC‘S and Mary-l’hercsa 
Parsons;, R’V (;Jr hcip in the cchoc:irdiographic asquiziticm phase of the study. 
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